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The model of the Stokes and Darcy coupled equations is a combination of the Stokes
equations in the fluid region and Darcy’s law in the porous media region, coupled with
the appropriate interface conditions. This model has become a very active research area
during the last decade. The extensive investigation of this model has been motivated by a
variety of applications, including hydrology, environment science and biofluid dynamics.
Also it is challenging in both the mathematical and the numerical aspects. For example,
different nature of the Stokes equations and Darcy equations in separated domains, and
the treatment of the interface conditions brings difficulty to the design and analysis of
numerical methods.
In this dissertation, we are interested in the theoretical investigation and numeri-
cal computation of the Stokes/Darcy coupled equations, subject to different interfacial
conditions. The main contribution of this work is fourfold:
In the first part, we consider the numerical solution of the coupling of the Stokes
and Darcy equations. Our main results include: 1) We introduce a new formulation for
the coupled problem, subject to the Beavers-Joseph-Saffman and an alternative matching
interface condition. We prove the well-posedness of the weak problems associated to
these equations by using classical saddle-point theory. 2) A spectral method for the
numerical solution of these weak problems is proposed and analyzed, together with some
error estimates. It is found that the new formulations significantly simplify the error
analysis and numerical implementation. 3) A number of numerical examples are provided
to confirm the efficiency of our method, and investigate the properties of the resulting
linear systems. 4) As an extension of the first part, we consider the possibility to use
the Beaves-Joseph condition instead of the Beavers-Joseph-Saffman condtion when the
geometry of the interface is not a straight line (2D domain) or plan (3D domain), and
prove the well-posedness of the associated weak formulations.
In the second part, we consider a posteriori error estimation for the Legendre-
Galerkin spectral approximation to the Stokes/Darcy coupled problem with Beavers-
Joseph-Saffman interface condition. Our main results include: 1) We make use of the















cators for the spectral method of Stokee/Darcy equations. 2) Considering the nature of
the Darcy equations, we use a technique to solve the difficulty encountered in deriving
the lower bound of the a posteriori error estimation.
In the third part, we consider a posteriori error estimation of finite element methods
for the Stokes/Darcy coupled problem. Instead of Beavers-Joseph-Saffman condition, we
use an alternative interface condition to establish the weak formulation and derive an
optimal posteriori error estimation. In the Darcy part, we use the local Bernardi-Raugel
space, but Raviart-Thomas space in the Stokes part.
In the fourth part, we consider the weak formulation which is proposed by the first
part and derive a residual-based posteriori error estimation for the finite element approx-
imation to the Stokes/Darcy coupled problem under Beavers-Joseph-Saffman condition.
We obtain an optimal posteriori error estimator by selecting appropriate finite element
spaces.
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